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'jihcrT fir, rrt4, i4 rr 4ir 4 rt 4 ti rf 4r 3rr 44 riirr 
4fri tf 4 ti 34 r: rrf rr4t afir Fftfror 44 4 3 rrt ti f44 r 
f44t rr 4 i4rt 4 r4 44 44 rt 4 f44i str f4Rj ti 

RR1 fRR 44 4 RR4 t sftr FftfRR ^4 4 3TRTT t? 44 4 
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RF 4 RF TO t - FRR RTR 44 4 Rl4 FRT r4 r 4 IfR 
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Jan Baptista van Helmont 

ftg elfidWI m llcftl-ti 

ft W "Rgn fe ftg Tftsff Eft ftchiy Eft 

foro; HSrcl^I ftftft ft RT^ ^<rnW Rft 5<H=h RTC ft WT R|ft zni 

RTTEft RK 3F4 ^l(HcbT Efft ftp ftftf ^ gfft % |ft | fftfftg 

%lfftER wlpRH ftrR ( 1677-1761 ) ft ^qEjg fftPRR ft SfKqgg fERERl 

1727 4 ' wn ftft ftfftf Eft fggiRT ft fftiftp ftg ert aihkh ftti 

PdPNddl ft ^R fftfw ftR ert ggT gftp ggf RFITI 
ftR 1756 ft RER 3F4 ftfe^l ^ifdch ftpRRT e^er 
( 1728-1799) ft ERl^-^3TfcHH|^ gg gsrgg fERRT sfk ttRTT fe Epf 
wftl (Ejft) er qsrf^T er 7TT«T PHd^J dl^HW.)d Egg# ftl 

RFl ft "STlft RFR % W& Efft ert4r-^31TerTT^ er fftftg 
qidicK u i ft «ad ftp erer?! gftp afP I g[ft ftt fftft l?gi ft ftp ftp 

RRft gftp Rggr fftsrft ftftl fRERT trt^R TURRET gRT ft ftp 
ERTftq-^3ftcHH|^ «ft, E=nf RREfft RTR1 ^f?T err ftp Epft R ftl 

1772 ft' Rsr spg fftfeg ^iPdcb snfe RRqftft ( 1749-1819) 

ft ftl H 4 oil Eft rer ift gcR gft fftft er 3qft ^m\ Eg® ft err ftpPRoft 

ft ^rgm ftq fftiRT ftfc ftp e^t fti gg rur rer gg wr «n fe Eggftp 

ftpREfcft ER[ftq-^3ftcHHI^ ftgr Efggjp f | ^gft gprg ftft ftpREftp ft Rift 
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wfl^T kt k 3^ TaiFT W. ^F#T-^31TcWI^ kr kk ki 

^ ^T^T-^3T[cHH|^ cg^ -U-HI'MhT k TIM TjScft tl ^T "tf 

^Rt krr ^ Tramf kf <«4>U ^ 3kt ^t^t-^3T[chhi^ ^ 

7|H^iT71 HNI I T R cT^ft '*fV 'k'1 ft" ^|7T ■Hid ^71 9 -41 Sit ^R 3M TRl kl 

3 HIHdkl kT *Icftl 

3 % 3 rt fkfa w, -q^n fe ^T R 
qqkT-^3flkqr^ k swm afk kr k aft krad' ktk ^f 

*ffl 31% Tf JE kl ^FI RR HI^NH T3TI 

f%7 1774 % 3RJ ftffkl d^lPHch kmr #R% 

( 1733-1804) % ^n % T3=F 3RT %71 kf I#3TT f%71%' #%' %%t % 

*ffl 3RR RT kr 4' kkt yOddl cRlk kl RFT1 WcTT %f ^71% 
3TFT kt WfZ kj k Wcff I fR kr RR 31% % RTR 3ffq#3R TTgll 
31% %' 1775 R TJcfl kk ^ifHch 3T%ft %ft%R dklRm, 

( 1743-79) % ^T Tllft ^H<4olR4l‘ kf U=bfad f%RTll RTlk 31g71R Rcfl <% 
kfif RR ftw a% - RTIR 4/5 RFT dl^iNd sfk 1/5 RFT 31TR#RR RR 
ani affrokn %r ^tut %t %f% rri %' RRcft aff sk rtir% k rrr 3 
qk wk - TFpr sfk rhrr f%Rj t?% %i (kf rrt % 1/300 rt rtf 

^lkl-^k31Tkn^ ^TT kt kfcn STT) I 



Antoine Lavoisier 3^dH 
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rrw rir dicjinny, % rrt 3twt rt1r few: rwt w 

yiM tR <rl J I Id K Rrt RR sffT wfen WR WTR R RirRIrH RIW rrT 
'gf sfrr RRRTT RTF RTfeR-WfWcHHI^ R <fef pfe few? 3FTT RRT 
few Rf rR dllpd RPR W wR Rfe rRR Rt RRJ RsR WTcRi RR7J RTRT 

RRRI 5 yi u fl ■Hid RR fe, RlR ddfll fet RR WR-RTR 7W R* Rf cpife! 
RIRT R sffcRfldH Rt «Rt fetl 

few rftrt rt RR RtrRIwt rwt RR R wR R wrR wwR 
R Weft Rtl RT RR? 

^R RRR RR R^3R?ff WTW RteR R Rfe R fRwi 1771 R 
RteW R CsR R RR 7WT R RF -cJ5l RRsTT I Rp3 7TRR RTR r R? Rt RrT R 
7WT Rt WR RRRtWT W7R RR R Rfe R wR RR R7 R Ridel tR W 
RTRT Rr TR RRTI 



RwP RteR Joseph Priestley 

rrt R§ Rt RR rr few R m wRR? Rwr R 3ww fewi 
R7TR few R R R7 ^R RR feWTWI fRR RRR RRT RpR rR RtRR R 
RRtR rR RWT Rw RR RR rR few R* RR fewi 
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rt rrt r)rt Rtf rri rIrt RR feR Rtttf RRft-RrfR RftfRR 

TRTI 3TRTTRT RTR R yl'W.d t RR Ps«ff R y=h R[t RR sslsi eft 
Rf ■sft Rt 3RRR tf e5«criell-=t}Rell TfRT R^f Rff RTR RR 1% RRT Ps«R tf 
HIH^oil Rt RRleft Tttl 

Rff RieS 'gSTT off itteet Rif ■HHSI it' Rtt 3TRTT RRTfRT RR cl<=b 
RTcHhIrh RR ^iPR^R Rtf |[3R RTI RRR| RR RTfRffRR t RRT Rif Rcf?% 
R7 y>R>IR -SMI RR RR RR5 ■Hl l -h tt RRTI "3H yiuj) gc|| ^ff 3RRRtRR RR 
RRRtR RR[7f f eft % RRRlf STT^eft R7R=f tl f^#TTT ^ tJSRT RT % 
T#t RR W RRT f sffcHHl^H Rltt TRRT Rtf ttttl RTT 7TRR RTT RTW 
3 ^iPi+f Rif "RTRT RT® TTRRRT fTRTt ttttl RT 3R RftfTReff PRrR>d 
f^FT t - 3RR TTRTTf RRT® Rt RRRT TTRRT Tleff RT %TT RTR Tt t sftT 
<RR>sl Rit RFT tt Ri|R RR Tfft 'll 


2 ycbiyi 3frr cbi^i^d 

RR 3TTRTTtRR RRk Rt 3TRT RRTRf <£ TRR fRRTeft t RR 
RTl^R-R^^TcHHI^ afk -qnt ^ TTTR-TTTR RRlt (^R®f) tt % tteft tl 
^RRff RcfT ^JRTRf RPR t fRTTRTT RRRIR ttRT t ‘ftRT RTlt’ RRffRT Rpstf RT 
R7TTR tt R7Tt TFPR ttRT tl 3TTRTTfRR 3TR RTTtT Rt RRftf TT ftpIRTT tt 
TlTTTRfRRT RTRft % tteft t RRR FR STRRt fRR RT RTt Rj%fRfRRI RTT Rlt 

tl 

tfTReR Rt TTRR f R;j 1 lPlR> RTRt ^ RR f R^eT R 7 R RPR ^ RT 
RIR t RRR RR R RfeT Rp 5 RT^R R 5 TI 3 RR RTRRtR, RTI^R 3 fk 
RTfffRR Snjsff RT RR7-RTR fRRTR RRtR-R^3RcR||^ ( Rpft 3fR RTR 
t RTRt Rt RReft t Rt fRR fRRft RRRt UflfiRT RRT ttRt? RRf' R RTR#RR 
RRTR 3 fk fRR RR RRT t ^'l R 1 R R ^iM' RTf RRT RRTT fR RflfTRT 
t RTRlf R 7 t fRRfR Rt RRRt tfRtl 3 TTR#RR RRTR f RRRf RRRftl fRfRTR 
3 RR RR-Rl^t STRRTpRR RRTR Rt R^t Ritt-R-Ritt 't RRR 
fReReft tfRtl R^t RR RRRt R 7 RT ^ fReTeft t? 

RRT RRT tRTTfRRT ^R ffRRRTRR ( 1730-1799) R W^T ReRT 
IRfRTI '’te-Rfst fRTR R7R 3RR#RR RRTR f RT RRRR 3TSTRR RRRT 7RTI 
1779 t RRft RTRT fRT RR RfRTRT fRR> t tt tfeff tl 3T^ t RR-Rf^t 


3RRRtRR Rff rrir ti 

7|f RR f *4 ftft f sfk S’Hl dof RR ■rfHff RR 
Rr-44 r Rfcr rrt4 rrtr f 4 tr Rft wrR ftRR Rff wfm rrr 
ti Tjf rR rr4 4 rrrr ft RR-ftf 3fra#5R rr ft ffqfi RR rir ti 
w ft#' R Rfcr RRiff 4 ffqfR rr ^iPhr> ‘fR'ftRR’ rirr 
t’l RR RRT ^TlRt RRR f P^RRI RRRTR -gTcTT t ‘RR7-R1R RTHT’l RR Tjf 
4 RRRR IRI RR ROT RJRR ffl t ft RR ‘ RRftfRRfRR’ Rtf ‘ RRRRT 
1RI RRl-RtR RTHl’ RR?f f'l 

RRffRRfRR Rsff RT ftf Rift RRR RfcR 1 ^ RfRTRt fl RRt f 
RJ7 ftRR 3TR RTRRfn RR fftfl ftRl t ft RJR RRR Rft iW 

ft %r Rffrtf fmt ii 

RT ct,|4q f> 3RJ RRR f 3TTTT? Rff y^*l Sift RR) RRT RTI HmI 
R f RRRT RTRRfRR 3TR RT^STRR ft ffRlft ft I 

1782 f Rgff RR RRT fRRT ^iPHR) ff RRRf ( 1742-1809) 

4 TJftlRl ff RRT f ffjR RRfR-RfRTRRlfg; ft RRfR RR RIR frrftl 

1804 R RR) 3RR fTRR %#tRT RrtRRT ffftfk RRJT 
(1767-1845) f fRRRR 4 RRR RR ftfRRTI RRR RfR RIRRlf 4 Rtf 
RR Rift 3TR RRfR-RlfRTRRlpT ft R’Rtf Rfl RTR) R?t ff df RTRT Rtf 
ft sftT Rtf RR RR fRRFTl RRT RR ft RRR R1RTI RRR ffsTTRl Rlt Rtff 
RR RRlf RR?TR: RRfR 3TR Rtf R RRF fRT f I 

RR RRRT R RRR RT RR f 

RRfR-Rf RTRRRR + Rift + RRRRl RT3ff R RTRR + 

RTRRftR (RRRtfR'ffRR) 

3TR yiPuifl R 

ftRR + RTRRtRR RRfR-R1^3ffRRlfR + RfR + 

RRTRlfRl RRRt (RTR #R) 

RlflPfffRR 3fk RfRRRFT (RTR ftR rR R%R1) PRlPIcl ffRRsff 
R RRR RRRt f I RR) f RRRR RTRt, RRTRlfRT RTRf f RRRRt f I RRR 
RRRR RRRt RR RRRtR ftRl t RR^ ftRR 3TR 3RRR1RR RR Rffl ff 
RRRR RRRt rR RR ffRT Rff RRft RlffR RRffR) RRaff-RTTRl Riff R 
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7j4 ^ eft pft' Wi ^71^ t ak eft t#P5q ^ fklcft tMi 

3TR {PtM^H k) llftRTtaft' *ft #3f ariTRt 
3 ^cW t ^ t affront, W% 3TR affcHHl^HI Rift’ 

■^T ^tei wnoj km t *ft anjarf k fad=K ®ht ikn ti 
^T^T-^3TfRn^ wi wnoj tr? t^ikr ak ^ affcHHl^H k anjarf W] 
^rt km ti ^rnt ^i wtrj k ak affcHHl^n k angaff 

^ ^TT ■gtcTT tl 3TR 3T[cHHl^H WTFJ k afikkR k apjaft ^TT 
kill ill 

TITIJ k^R sk afllqd wk fkn T RJ^ k k ffk %' k ®h 1 4>1 
kkr wncjarf k k kii ti 

1815 k flrfk ^iPHob fkdiW TC (1785-1850) ''ik 
kk k Mft kkR k k kr Rpr Rt^f 4' wra i arR rt 

R#' ohN^l^ay, °T71t ak kkl k Rlk k ^nk || ^Rfel^RT ak 

W kk 4' k ’TOTTJ k t fkk ^lk, fT^jR ak afikkR k 
ang k ti yiak 3 fkkR k wirj k t‘ ak ^k eFTk, 
fl^fRR ak afikkR k 71181-71181 H^dl'JlH, WH k 7H81 ^ aRl 
ang k fkk k ti 



CO 2 O 2 

^T#T-^lf31TOlf5 3Tf5|#3PT 



h 2 o 

kt 


KEY 

kh 

carbon hydrogen oxygen 

k=T WlfftoR 3TR#3R 


• o k 


10 


^k-kaknss, ^TokDvhh sk kt k tw*} 
Carbon Dioxide, Oxygen and Water Molecules 


tftf fR #tf tltf f t RRtR-lgttfRRTTfg tf RIRRf MRT 
fiM# tl RR tftf f #fR tlRl t tf RMtt RR RipR ctR tl 
tr^dN RRSRT 3R|R MRfR tlRl t tfR RRM RRM tf tg R^t Rft tl 
TTRT 3MF WR RR RRtfgTftR tlRl t RRlt RT tig 1 - tf TJdTRR tlRl t 
3RlR viu^d RR ^mi tl tg-tftf f Rfftcl tit Rldl Rtf RflRR tfRR tfcTT 

tl 

3TRR tit f cbltfel^d ttjR tf tf tf MRTTRt t W R1 
RIRRR tl RRT1 ttfR RR Rttfel (RRRTRRfeg) RRRR tlRT tl tit 
RRRtnftR M RRR Rltf R1 fetf f Rf ydHljfld Rsrfttf RR RWI RR 
tfttRT tl RRTR tl 

Rtfft tltf t fcPTt STftRT RTRT t chN^ISgi tlcTT t 3Tk 
MtfsRsJgci t RRR 3Tk ttttR tl RR R1RTR t fR#TTT M R1RRT Rltf tfRl 
ft RtttfttftRT Rf TJM1R: -RRtfcTftRRT RRR tftl tltf t RTRt Rltf 
RRit rttrtm RmwPHch RfRMtf ^trt RRttifgRRi t rrr tfti Rtf rtr 
yifttf RR tl RTF[tttf tl 

ft TRRT Rtd tRlftRT RjftPTR tR tRRT (1832-1897) t 
RMRII 1868 t RMf MR Mf ft RTR RT RTRR RTRMIrRT RMf RR 
Mttf RTR tit McHHldH RR 3RF1 3TRR tl Mjt t ftdlRTR 
RRtR-igttfcHHIsJg 3ttC RTRf W tl Rtt R1RRR tt Rtf R1RR tl RR 
Rjt ^ RRRR t WlfttftR tl MM tit Rfcl SlftRT MR t MRRTtfR 
3TlR tfRR RR 3?TO MR tl Rtffo tltf RR fRRf MR t tfRR 3Tt 
3ffR#RR Rt 3TTRMRRR Rtf tftf t f7#R Rf tff 3RR RTfttf RR 
MR tt RTIRT tt t> Rrm, RRdM tftf tl 

1872 t t RR1 tit RR RfR ■HHR RRT 3ftt f RMI ScH 
RRR f tft RR RTIRT RRlt tfcRlldH R7 MR fRRT RRTI 3TR tfRT 
RRRfftttRT RRI tfMT RRlt t %R tRR RTI 3TR tRRT t tft RR RR 
t RM RR 7W RM M RR3 ftRRT RR RRRT RRRR t tRT Rri ftTRT 
M RR RRRR1 R R5 RMI 

tig 3T|R 3RtfttR TM-RTFR ftoMR R^ RRM tfftRT RRlt tl 

Rftrtr rr trtf tR t? f^nt ti rk ^rrt t rrm rrr^t ^rmr Rftitf 

RR 3TfMr Rt RTR feSRTfl Rftltf M t MR ftf ^R fRMi R^ tf 
■gRRl RRR RRT RR^I ?^R t Rtl Rftltf t RRR RTg RRI RT tf 
tftftftftRT MT RRI RTI ftR Rfttf RR RRRR t RRR RRT RT t RRcft 
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31^ x Tftl 33t 333 3t Hl-S 33t 3TI 

333t33f33 £T3 3I|3 3 =bNl^l^4<y 33^ t 3T ?TT33 

333 HIS 333 HS<rl 33t 333T til 


Von Sachs’ Experiment 
vHjHAH TO ^t33 




33 f333 33%3 % 313T t 331% 3TS 37 333FJ 3f3 33 
f sfc 333 MJH|U]3Tf 3^ ^3f 3rf33T 3% tl sfft 3TS 3^ ^3 
3rf33f 37l 333131 3 3373T 4' cffeT 3T 3333 tl 
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rts ^ wrrnprf w, trrjr ttt ti rrr sm ¥¥¥? 
¥t ?T¥¥R t TITS' tl tR-MlHIuj, ¥t ftnt cRgt (fRtr) tl# tl 
3#eft ¥7f ^<*>1^ RT¥¥ t’l 

ilr^lN t' WTT3 f Rl¥ ¥t sRsjT Rft WTFprf cFt R7¥f 
¥Rtt #T ttcft tl RT R¥g#¥ 4' sft M{H|U| J^M gg ¥¥IT tl 
3RR ¥¥T pel'll t 1% J C^fbi'R t> WTFJ R^'-^RT t> RT^T 3T¥FT-3T¥nT 
d(l=hl 't gpl ttt ¥1 Hl-S t ¥¥ HifsHl 'Hrsl ¥¥ ^3TTcft ¥1 ¥Rk t* 
%n ¥¥¥ t ¥¥ ¥¥ ¥¥?t 1? fe HIS ¥¥ RRT ¥1 


Glucose Molecule 
■RJcfiRl cfiT LHHIUJ, 



KEY 

RWt: 


^r^dM ¥T wrng W, RT8T ®t|[¥ Rtttr 3 

¥T¥ t 3fR ^¥ ¥t ¥¥R^ff 4 tt¥¥T ¥f¥T tl 

(tt T^-RTffRRTRr 3TRT t T¥t t 3fR ^Pdy, ttRF 

¥I¥)¥t I¥I¥R Rfr T¥ ¥T¥t tl) 

¥HcrT 3fR RgEiff f TRTRfHRT chN^l^iH, RRT 3fR 
gf¥tRT 3 ¥RT ¥t ^TT R¥kT) tl ¥T ¥T fRlft f ¥¥3ff fRRFT R ¥¥¥1 ¥¥Tt 


% q m 

carbon hydrogen oxygen 

giiRr si^sR-i sfRaRpr 
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33 ite 3 i x rsm t it far 3 t f 33 H 3 T 3131 tl 333 

33T1 313 3ltk 3t 1331 3FT f H^ldl tl J ^N tt off 33jt t tf 
3313f33T 33lf t %TT wm ‘gTcTT tl 

31 HMi mfcbch tt3T 1% H>k)RHtfk3 t tt 33jt til ttlT t 
tt T ^5T3T tt el'll I 31-3tt 311 eft 'sKrtl-'slctl 'dj3il3 t HIS «MI 
■H3>d t, 3T HIS 33 <1 avail'd f ®ISal HHid t", 31 Pm 3t HISI HRli 
331 331 33lt t, 3331 333 7lf33 PHdldR ylt-H 331 33lt tl 
Jell'd 33 TicF TT«^FT 33337 33 WTFJ ttll t f33f W 33^3 W 

333 , 3171 ei^tNH t 333 tk w 3333134 t 333 ktt ti nm 
fttftg ' crifb M 33tf33ftl3 31 ttTFT 333 3331 3173 33lt 3 ttl 133ft 
f3333 ^rant 13 snt itki 

3 cwmP-bd 

37 313 R31 3lk 373 RsTgT tteTT tl (^iPdtl t 7333 1373 
Slttf 373 lt?f tl Rif t feeltt tt 73ff 317 tf ft7 tt 33t 7333 
3313 HeSPdtl gf 337 73tt trtt tl 3733371 17lt f f3313 33 3337lt 
331 tl) 

71-3ttf f tt HvWtkfTlTl ttcTl t, Rlfttf f 33t’ Ttf? 171311 
HdoM tl-tttf t 3737 3fff tgft -cit'd el'll tt HlPnHt tf 3tt elcft tl 
371 771 37 it lk 3lt'l %-tt3f STHTeftT 37 it itt t, 
3>H-tt-3iH 3Hch 3|3 tt flTtt it ttt t'l (333 ifttf 3i 373 it ttt t 
37 H<2ll 33 33 771, <IHIHpi3i 33 tt Hall 31 it 73 tt fdadial 31717 
tt3T tl) 

33T 33-3131’ 33 33 tt3T 3737t t? 7333 tfl 3135 %ft tlPld 
tit t 3t 3313 t" PsKagal 3t3f ttl ft Old) tl 3333 SI 3 1 3ft7 333 
33T33 tt 3t3f tt tt ttt tl ft>7 tt 33 3tt it 3tf tttl 331333 t 
3>3><gal (777173) I tt f33T-3t 3t3f f 3t3tftftftr3 3tf ttlT tl 

3t 3ft 3t ttt t 333T tlaT 3t ft33T 3 tt 333tftftftT3 ttlT 
tl 331333 t %3 3^ 3ft 33, 313, it 3TR iePllT f 3t3tftftftT3 
3tf ttcTT tl 3t3tftrtf33 tlaT it 3ftl3f t tflT tl 

1817 t tt tt %f337f ftt 3t33T tfa333 (1788-1872) tk 
tkP3 f3313T3 33333 ( 1795-1877 ) 3 3t3f t it 3aT 33 3R3T f3R3l 
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mn mmi m f4n ‘^rtrfiw’ r) rr rr4 rfr 4 sm t afrr 
rrri rrtr 4mi t ‘-grt mft’i 

<=kriU)f4>d R1 WTF3 RTTcl Rfc7 RT 374 r4r 4 RTR RR 

^iPHR R7?4 RR 4 Rfcl RR RR r4| RMR RRT 444r 4 RT44 
r 4 RR cTc^ R1 RRcR RRR7 Rll 4 44 44 4 RcTT RT ^HcrT 4 mf 

44 rr) 4 444r«44r r4r 44 4i 

fm 1906 srt rr 4 rr f4c4 wU m r4f ^iPhr 4r4 
fmrteR (1872-194 ) 4 sfpt4r 4 rrr r4r 4 w4 Mf4r 
4 f444 44f4i 4r ^p: rt rrrt 4rctr 4 stsm fRRi 

RRR RHKlPm 4 4, RFIM rr-44 m4 rtr 4r4 wtrj 
Rfci rjth 4i rrr rr 4r ‘ckHm4bd-4 m 4m 44 4 3/4 rpt 
‘r#414rt-r’ rt mi rt4) rr 1/4 rft 4r rrr ‘^#4f4oT-4’ m 
f4ni 

fmrtoR 4 f4r 44f4i wtrj 4 3rt 371337 ) rt srrnR 
f4mi rrr m4 rt4t, 3#rt4ft, ^mh 37 k hi^nh 4 3713 mi 
rt4 44 3trr4 4) rrt mf 4i 4f4r 44 4 R7 wtfj 4 rt4t, 
3fi444R 4 t ri443r 4 snj rtr rr t 374 rtri 4 hi^nh 4 snj 
4 44 ti 

m4 rtr-rtr f44teR 4r 444m 4 4 snj f44i m 
rr 3tirr 4 4t m 4i 4f4r 444 4 4 tri4 rim R44f4R mm 
wtri m f4m 4444m 4 3713 rtr m 4i 

f44ter 4 4 r Risini f4 ‘R44f4R-R’ 4 wtrj 4 wr 
rt4t 4 3rj > -srrr Riiffm 4 mj, rr HisPdNH 4 3713 , rr 
aqmtm 4 3rj sf4 rr 4444m mr 3toj am ‘^4 r44r- 4’ mm 
4m 4 m ri rr4 rrr ^R4nh 4 3713 374 w 3ttr44r 4 3713 4 1 
f44teR M RR snjRT 4) RTRTT mf MR mi ’’R 7# 
sci ’ll rrt 4 s1 ^ rrtrj 4 371334 ' 4 44 m (44l7) 4 1 trr wh 
4 RR Rl4l 34: RR HlliNH RT 3713 mi RR Ml 4) RTRR 4f 
‘444 44’ rrr ti ri 4 fm f4mteR 4t 1915 4 TRrmrm 4 fm; 

44r 1J77RR ftToTTI 

■3r4 RR TRF ‘37R r4t %#M 4r fmR (1881-1945) 4 
RT Rn4 4r 37FT RMT1I RR7 fRMRl f4 RR ‘144 qT 4R7’ 4l Rm RR 
w4 ‘44444 44’ 4 rrtri ri rrri rti ‘44444 44’ 4 44 4 rr 
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fe 3RJ 3RR <*>« 3Rjfe fe wfe RR It 5 ! fe ffe fe 'RTR fe^RR 
ddH ‘ tin ’ RJR fe felPlR) RR <SIRI fefRTI ‘ tl*H ’ fe fe c hK u l <=K1 did 

■§T?n #1 ^rg: rrr 1930 fe ffeRi ferRfeRfefRferafefdRRfe 
wwre rr fefed ftrorri 

Rdfeffed rr ferai ‘fed’ 3 fferoTcn-^Tcn Phr^ii Rdfeffed fef 
‘yiPfen fed’ fe fet fe fet fef rrir rr? fefefffeRR rr srj rti 
R dklP+d fe fed fe RTR ^fe 3T^J3TT fef fed ‘fed’ fef ^TTT 3 RdR 
fed 3#[R? dftd *ffl RT fen R RRfe RR fe Rif RlRRRlf Rrffed fef I 

RRRR fefRR 5PPI ffedT 1960 ^ RHOfe) Eiffel Rdfe 

Rdf iJRRt ( 1917-1979) fe RR 3Rj3fe RR ffeR fe RRTR 3RJRR Rfe 
ffefefRR fe RRTRTI ?JRRt RR RRlfe fddl fe fe Rife - R fife RdUlP^d 
fen tf RRR RRR? RTI 

RRRR RRdR ffeRR RR ^fTlRl fed! RRdR fed? Rll RR Rdfe 
3TR 3RR 3RJRR1R fe fdR iJRRfe RR 1965 fe RR1RRRTRR fe fdR feffed 
RRRFR fddll 

3T1RRR RTRIR dfe ffe df fefe R Rdl(lP+d RTRT Rdfe fe R1R 
fellffel RRR RRfeffefeRR fef RffeRT RJR RR RRlfe fel RRRRT RR Ref? 
RRR1 Rff - cfeuiflbd RR Rlfef fe fedRR RRR RRfeT-^RTRRTfR fe 
^d^d fet'l Rdffeffed Rff Rfefef fe RRfeT-^RTRRRR 3TR RRlt RR 
3RRR fe ffedRR ‘RJRRR 3fe Rdfe (RTR) RR1R1 Rlffel 

RTIRR RRH1 Rlffe Rl, RTRJ RdPdRd fe RRR1 fef tl 
Rdffeffed fefe fe RRR RRR RRR? t fefe fe RTRR dtfl 

rr fen Rfe fen t? Rife fe rrr RdRfffed rr? fefer Rffen 
rr RR fen ti Rferlffer rr rr rr rrr rrtr i, Rfenffer 3fed 

RRR fef RRR1 'll 

RR Rife 3fe -fef RRfeRRfe fe RR fe f I RRfeRR 1-fe RR 
RFTRR 1/750 fe ffeRl felt ll RTS RfR fel Rife 3fe RfR feRRf RR1 
RRfeRR fe RR fe tl R ffe fef fe I ffe Rfe RTRd RlfeRTRRR R R 
fe fem R1 RRtRT ll RR Rife 3fe fe?f fe fe^f RRfeRR3R fe fe fe | 
RRtJ RRR RfR feRRl Rfel I RRffeffe feft tl RTRFR R^R fe Rife 
fe RfeR 50-fefeRR RRfeRRR feff tl 

RRfeRR fefe RR fe fe RR^ fe RRlfe RR RRR RR1 RRRR1 Rfe 
tl RRR fet-fet feUfedM fefe tl feR7 RRffeRR fe 3lfe RR1 fefel 
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■ftvPST 'gTrn t ch^dldl t foTRB' 3RT sbIHWim iti 

ti sbwmlm fr ^ffw ^ ^1 ■qprf f^RT ^ ^7t -gflFTT ^r RWBid 
^ ti ^ it "^r chlftichi 3 #ff chlRjichiacflr 3 tr wpm 3 
^ 4fcF Tjnjqrl ^HldRd ^ fl 


ddllMlW 



Plant cell as seen under an electron microscope 
^=HiH -=ft^ xftsjf -art a>irvi*i 
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1898 #' mfr ^ifHob mmf mm # <#[#*1 # mm ## 

fqmr mf mrm mt r«H«hi qm ‘mfqtmilmm’ mi mm # mq mf 
‘ Hl^il'+ilP-^'iJH ’ t’l 



mm # Htewl 

outer membrane 


inner 

membrane 
(conversion 
of food 
to energy 
takes 

place here) 


3# # HR# 
#3R #1 
nRciRfd #n t 


Mitochondrion 

ffl|dicbl^i|M 


qm mm mq mfm # qm mm fm m#qfrni#fm qm #1# mi 
fmmi fqm# ti m # 3frmtmq sftr J #bM mf fadi-# 
mrnfqm m# % mmf t mm m##miHfm #tm ti sftr m^qfmtPfm 
# #t ^ PHdWd #f#f ti 

hi*h m##fmiHfm mi rnimn pm M##id 4m #tm t 
m 1/1000 #q mi# afk 1/25,000 #q ml#f #mf ti mm qiiHmi # 
#m#f # mm# Hi^HiP^qi Hi mm# ti 1970 #' #qrfqmf # mm#fq 
m#mremfq mi snfmmR fmmi mm # mr qjm mfm ml # m°r qm; 
fm# rnirnmi mnfmfmflm # #1 hmi qpm q mi mm mq m? wr 
mu fm m#qfmf#fm mi # mrq mfm #1 #fm #1 mm mp # 
fmfm mqfm m mmFj mm #t# f fm#' ‘mmim’ mq# #1 m#m 
yqmm iim f##fq mrmfqm wr mr 71mm #1 m m# y,nm$m pm 
mm fqmmi mm mt# t #t mm 17m #m qfe#q sum # fm# 
mjmfm afk 3 frmffmq fmim mmfqm m# mn# ti 
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Chloroplast 

cMHMIW 

sfr ■qrr^rf 44 sif44' 4 44p; aiViAdM - Hi^if^i 4 
^frt 4 cblRticbiy; 4rcr 4 wt «ff 4 ^ftt 44 4 4ff f*FT 444 tr 
44 t 4ra4 44tf444si 44 «it? 

Ron: ‘4 ’ m 1883 4 44 4h 4fr f4a4 

4l4f4'4f4R 4 (4 r) ®r 4 4t 44 4t 4 4 44i f4 44 4t 

4iRi+i3ff 4 3#41 w p4 chlftichi 4 ^4f 4 rt 44 ti pf 4t4ffi 4 
4 tjcr- zn 344 f 4U^dM 4 f4R?n ti 44 aiViAdM 4^4^r 

3FFT RR f4n FIT - kdllMWI 

r44r44ri r4 ^rt 4 kdliMiw 4-44 ppi 4ter 44 4i 

kdKMIW RiT RRT Hl^dchlP^ill 4t 3r4^T 44 4 3#R7 r4r 44 
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ti sjdRtH oi^rI^rIm t Rft Rmt ftsrt tn ft RRrtftRnRR 
tft-tttf ^RTlftf RR RRT ttRl I tt RtfT ^RTlf f 250-300 RetlflpRd 
t WUOJ tft f'l 

fttR r^ st^n RRrttftRr rr WTH5 igR r ttttft'tftR tf 

ypRHI RR 3TRTR R?ff t ■HRell tl fRt ftTR RR) <H^6l 4 RIH RRR1 ttRT 

ftm y,HRi$;m rr ttRi 3 iPhri 4 ti 

3FR Rft| RfPiHRI Rtf tf Rf RR1RR HltflRlP^RI srrapft t ffcr^f 
WT tl RetkMIW Rt sfft ^rferT tfR t RRTR RfR RRtf RRt tf tl 
fttR ^ f^ft tit tf RlPlIRI RReff t eft RRlt RetklRIIW t tf 
c^-RRlt tf Rllt f sfk t 3Rtt ttRtfttftR ^33313 tl 

1954 f 3m(tchl-MlPd^l ^iPHR tPHRd 33l| 3T3RTR (R^T 
1910) Wf RR tttf tf RlftlRI RR RlRRTRf ft efte R1R fRRRt RRRR 
RetkMIW RFfR RTRR PlRdl tt RRR tfRfffftftR RRdell^tR tt 
Rlttl 
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RitRtRRtfRi tt ckhIPmiw ^etf Rifer Rtf ttt t? 

RltRtRRtfRl 3frR#RR tt Je>JRM tf PHdlRl RR^R-^ttlRHI^ tt 
■qpft Rtf Rtf RR1R t? RRKMI’W RTltR-RlftlRHI^ tt RTRf PHdlRl 
STTrhIh'I tt TRjtfR Rtf Rift RRTR t? RRRft RftRl pel'll ■Hid Rtf 
Rtf t? 

3RK Je^RN Rft 33TR#RR t R1R RR tt WT f PHdlRI RTTR1 
tt RRR R|[R 

3#[R t^l tfeft t tt RRftRRR RR RPRIRT Rtf Hleff tl 3FR 

Rl4'1--Slt 3 ffRHI$'S tt RTRt RR) tf R< u | Tf Pq^icl tf d^HR feRTT yef, 'RTF 
f R|[R 3TpRRl RRRf tf 3RRRRRRR tftfl RRftRRt fepff RRRf Wt Rtf 
RR Hleff I 

fttR tttf tf RftfRRfRtf f RftRT tft-tft tf RTlff Wf tl 
fRftTR RR RRRT 't' R1R >j3h( 1 tftf RRRT tttf t fRRTR ft) *rI RRT RTRl 
t ReRR tf 3TR RRT R1RT t tf 3ltl J l tf I tttf RTRT t RRRT RR 
RftfRTRRt tft fRRn3ff R WlRK RReff tl 

fRRR RRRTR t ft Rtf tft MPlRefH fttfRR tfR RlftRI Riff 
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Rt RfeT tR FT FMt 7# t R Ft 3fk RRt RFt FIR f Ft'l FRFR ReTRIR 

t % frr qfecH fr Ptwi rft fRFtF h.hrish fkt fti HistdcbiPFFi 

3TR FeHKMIRd fNT FR RFMH RTRRTRt 3 Ft fRRTt Ft RR Fpj 3R5Ft 
RTF Ft TMI 

ttt-ttt qfecHf R J^chN ^ RRMJ RRR Ft fMRT FRI 3TtT 
3TR FRtr-FtRTcHHIsJF 3TR RTR) FT RRMJ FRR Ft fTsTTTT ^RTt fFRT f 
RFTeft tl FI RRMjtf FR FRTRtftFRR R^T tl R RfR 3RR W R Ft 
^FT Ftt t 3TR R^F e(RR Ft 3RTt RM f RRT RTRT t RFT R RRR TR 
rrfir FI RTR tl 

1905 f RFlfllfeR ^lPlF> RTtr FTTfeR (1865-1940) FR 
fRFF ^r RSRFR FIT TFT FT fe RR FT® fRRR FRftFTTR Met t et R 
J ^hN Fit Re-tl^d 3TR FTTtR-Ft3TTFRTFF f Fddell tl FR TPlFeiH t 
RTFTtRR Ft RRTR RFf RFet t 3Tk FF RTR Rtt Ft RfFTFT R MFT 
W FTRT t, FT FRF FlM R ^FT FTRT t 3TlT ttt-ttt RRRT R 
TTMR FTRT tl 

fRR RTR) t FtfRFTTF tl TFf Ff RTTR FTTtR-FtMFRTFF t 
■^Fr^FTT R T Fjttl FIT MRT RTF' RTfFT tell tl FI Fp5 FT RTF ®|Rs|Rl 
FIT RRRT RF FT RTRT tl FT FttlFTTR RRt Rt fRFJ Ft' 3TTF FTTRt RTFT 
f R^JFRR Rt Rt(F FTI ftR RR Ft® RFTFR RF FFT fRT? 

FTTFR FR RTF eRRT tt R^JFRR FR FTFR F> %R fRR FtR Ft 
RTRTR Ft RT MR FT r| Ffl RRR FR fRFR t 3TeRR-3TeRR Rft fReRTR 
Ft FttlFT Ft I RRR RR FR fRFR R 3TFR RTFT R FTRFS FIR FR 
<21 fRFTTFT tf fFT R ‘^R^FT RRRT FJR Fl RRI RRR FFFT IfrI FR 
FF RFT RF) RT fFT RRRFR FR, FJFRR cftFR t Fit RFT tell FtRTI 
FRFR F 'FJFRR F fRRR FR RtsjR SltFt rN) FT RTF 
fFTFT fRRR RRRRR FIR Ft RTRTRRT R)l RRR RIFT fe R^FRR RRT 
fRFTet-^FIet F1FFR yjFRN R RRRT RFT FT tt S^FRN t RRTFJsff t 
FT RRRRR t' ^R ^F RR tl FR 4fRFT FR S^FRN FTtTRRRR FIFeT t 
3TR FF TRjttR Ft fRRW RfFTFT t RRR RTRIT RFFTT FRRtftFR FT I 
FTRSR FR RRFt FR MR t' %R 1929 FR RtRFT fTRFRT 

Pm 1 1 

RRt RTF Flf 3RF FRRtftFRR MR RRI Rft-RtR FTRR 
R^FRR t RTFRtRR R FRtR-FtRTFRTFF R RPt RFT ttt-ttt RRRT 
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R7t T3=R- WsFTT Rsffcft RTeJR fe RfeT ^ ^RTtfefer 

^ ^ ^ ^ li 3 |r ^ ^ rtr^ -q^ WTRJ 

^ ^ wtfj srrarrt ^ wM TTT5n 3' ^rf wpwi rrt rttr rrr 
ti 

3FR cfft ^IR+rd fSTiTtfefc W f5RT efteT RRT eft RRRfft 

^rht 4 wrc H Rte ^ Rft ^t rrs# ti 4 wr ^Tqft ®nst wi ^teft 

|f TR eft IFTH ftvHl >*>IH Rrt Rfft '?t T ftl TRTeR 3FR 3TR RPlft RT 
^|^5hlH te)(kHI « t RT RRT RTT feFS <sl<kHI W?f t eft £=bH<K 
RT ROT pcIe^K R #=f RRCR 3RFT^ 4 WR ^ Rfe ^ft R#t' wl=bK 
^TTI 

■gf 3FR IFT cfe RRT RTt -sT<rK Rr Rfe R> ^RT, HM 3fR 
1RTR Rr Rte c^ 3TTIT rft R R^eT R c PTt T ft RTTt%eT 1 ali Rfe S<3-> 

RTff RRTTI 


gi 



?FF3R ddtKH R 3f^q 
TU5T T^' t3T3lf ffteft % 
smaller amount 
of energy, used in 
sugar production 


Rpitsf ^ 'Jinn ^ 

ftefift t 
large amount 
of energy from 
ucose breakdown 


released 
WTR^T 
RlFf Ph=mhi 


added 

^T^IeRI 


stored 
energy 
■MTdd ^3T3lf 
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fffIf 4 4TT4tf44F 4 iPff>i ff 44-44 ffft fttf 
t 44 Flfk FFFF 3TTFT4 4 Ff4f ^wtl^ S<i<41fe4<i 
^HW^-F^-^IFJR (444) PFttlNFH FF44T 4 cTT tl FKTt 4 FTFT 
f44 4 F4 FTFf sJWHId 44 t f 4 444 FF WfFT 4 fT tl 

FTF 44 4t fT4fT 4 F«F rt 4 4l TsflFFT FFFlfFFfFF 4t 
TTFIFT 4 <*4 3HI’HM FT I 

■HI’H f 4 yPsTiFI FF 44-44 dF)4' 4 FTdFH 6^°b 44 d^S FF 
fFTFF SfSWT FFRT F»TF «m f4r FF FF FFt 4 FF f^PT-^ff Ft4t 44 
3TPTF 4 4feFTT TTPj4 fFF FF 4® FTFT TFFF FT I ^f4 3TR f 444 
4t4fFFfFF f44 F|4 MTiW 4 FTF 4 FFF FTTFT 4 ^RrlU. Ff4 
mR«iw ^f 4 44r 44 I % ffff fFTFF f^m fft ftft 3tf4f 4ft 
ti 

44 FF ^lPHF>T 4 RTF FfF f4FT eft f 4T4 FFTF W ^FTI 
3TFT FF FTF jJRT affFFTFF 3TFT 44 I 44 
FF4T-^3FFFTf^ FT?T 44T I FT FTFT 3TTFF4FT FKTt 4 3TFT 44f5 
FF4 t 4 Ff 4 4 FTF f4FIF7T FF4T-F43TTFF13F; FFTFT 4FTI 3TTFF4 h 
FT4t 4 3TFT F^JF FltltFF 4 FTF PHdFK FTFT 4 FFTFT tl FFg Fl4 

4 fFFW 4r ^ifct 4 ^kt ffftf4 f4 fifti 44ff 44 4 fff 

4 ftFTF 4 F7t4 4-PlSI^ FTF f4T FF 4ft 'll SFprm, FTF 4 4 ft ftf 
FT 3TfFFT FFfT 4 ft ^TTFT FF7F FF f 4 FFfTT FFTI 

fF%F iFTfFFF 4 3TFFT sqTF FF4-F43TfFFT|F FT 4feT 
%FTI FFT FTF 44 4 4 fF FTFFTFF 3TTF FFlF fFFIFF 
FFlF-FTiFTFFTfF FFIF 4 4 f 4 FFTT f4 FFFtfF^FF 4t Ff4FF 4 
FFFF fFF^FT FFFT 4FT 4 fTI 4ldlPF4fFF FTF FF4T-F43TTFFIfF FF 
fFFFF 4FT 3f4 FFF RR RT^F 3TTF 4 3TTFF4 f 4 3F3 -444 - 
fFFF fFFIFF fTffTFF FF RFT FFTFJ FFFTI 3TTF#FF FF FFTRJ FFT 

4 f4FT fifft ark w ff4f 4 anj fi4 4 ftf pH<rm rj4rt 
FFTTpFI 

T937 FFT iFTfFFF FF ?4t FFFT FF FTF FT I 

ft4 fI f4fFF 4 ft4ft ff 4 f4r 4 Ff44 4 ffTTfrtttf 
fFFFFTTI iFFFFR f 4 Ff4FT FfTTFRITTF FF 44 Ff4 3 tTt fff 
FFR fFFfFF f4 I3TTI FTFRJ 4r4 FTTFT 4fT I FTF 44 4 fFR 
F^4 44 f 4 r IFfFTF flFT FF 4 FFRfFFfFF 4 f4F 4T FFTFf4 
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rFh fief % ^PdiHHd dlkMIW ^ #1 Wt WTFJ 

ipHl d-»<d H '^R delV'lKdl^ STTchhI^'I <=ldH eFt 1^1 Hi 
HfltfllflPR w Htft Htt ti sfk ^TchhI^h, aal^-R|3qRRrRR H zk 
wrRjarf I anlt lln fe %rfwf ^rt sfjttft an cff ftpr ^riHt w % 
It ^TM fleRR RjHtR afk Hr wf (IfR) ^TRTT I ^ It 

■'ejdl'd -sfk 'T It <nill ^Idl, Rhh> SffoHHl^ld eldl I 

Hpf ’TOTRJSff I 3 |||Rh fHfRTt? 

3tNrtRh It 3 tNrtRh Hit t affT Hal I RdT Hf ReRT I fe 
It aRT I anf li 



24 


Photosynthesis 


qq rr ff qqi qqi % qrq fqifqqT 3 qq ^fq q^nq ^ rr 
tf T Tcn rr w ti 1912 4 qqi qqn fqrqt qqr qq q- qqf snj 
r=Kr°J>d H'b-'sW del sff^ ’!'" I dddil <l'HNp1=h RdfR y.oh-'ii'Hi eld I i? 

qq^ qrs srj 3 rt 3 qRt qfff ti qqqqq qr fqq 1929 3 ' qqrfqff 

^ifdch fqfqm SFlftra qfqfqi (1895-1982) ^ RTfR! fe 3Tfq#3R ^ 
qfqqrfq sng i^-wr q- qpft 3ffq#qq-i6 qf ^1 qr qqq rtr qqf 
3Tfq#qq-18 ^ qf 3^ ^| 

qqq q- qiq %nfqqff ^ qfcHHlRd ^ rht snjsff qff 
srrt- 3 rrt rffti Rteni fqqq 3ffq#qq-i8 ^tkt rirt q qf qqq r 
qpft qf qqrRj qf rrt qqrq ^1 

1941 q qqi q^feqq-srq^qit %ifqqi qqfcq qfqq qq^q 
(qq 1941 ) % wtfqqfqq qiqf qfqf 3' 3qq#qq-i8 rtri qpff qqm 
qfqf qq qrqrq qq^-q&frqqRq q qqqf -$ qf w qqi fqqq 
3rfq#qq-i6 qf qq^ 3ffq#qq-i8 fqqqiq q#' qfi 

qq^q % fqq qq qfqf 3 fqqiqft 3ffq#qq qq sr?qqq fqiqn 
3RR fqqiqft 3ffq#qq q qpqqifq 3Tfq#qq-16 qf qf qf fqfqqq # 
qqqq-^RqfqqRq qf sn^ qqffi xpr faq^ff 3Tfq#qq q ^Kld< 
3qq#qq-i8 qf qf qf rrr qpff qf snf qfqfi 

qq qrqr qqr fqi qf qfqqfqq fqqiqff qf qqq 3ffq#qq-i8 qff 
qjq fqqqiq qqqf qf fqqqf fe qpff ^ WFJ R Rf Pd^ddl q#R qfl 
qqq qqqrr qq qqrqiq fsm qqqrfqqfqq t£ qfqq qq-qf?f 
qj4 qff qqqf q qqff qff sffqqfqq str qiiqfqq if fqqqq qiqf ti affr 
3RR oHUlkrIIW 3rqq qnjuf ^q ^ TTqqTgRT ^ Riq qf^q ^ t cff 

qiiffqq, qq^q-qiiqTqqRq qi qrq fqqqq ^qqq sfq qqM qqmi t 

3TfR qfqqfqq qqr $ ^fqf qicff tl 

3ffqqfqq ^ qRTRj q- fq'qepj qfq qq qqqq qqr qfdT t? 

?qqft fqqqq qptqqff %nfqqff qr qrq qqf qf qqf qfi qqq qffqqq 
qqq^aff qq#r#rqqqR^'qqiqFq[ 3 rrt q qq qqrR] qqr «f qq 
qqf qqf qqi qq 

3ffqqfqq-i8 ^ qrq qqq qqq $ qqi fqqqiq qq t % qq 
3rrt qqq sffr qqqRR q q^q qqq qrqqi ■§■ qqfqi qffqfqqfqq ^ 
qsqflftqqq qfq qqqf % qfqq gq qf qi^ ti qrq ^ qqq qqq ^ 
fqq; ^qfffeqqq 3 qqqff qrqi q 3ffq#qq-i8 qqq qqq qqqr t, 
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ppfp 3§p pt pipi pip! pp tit) ti ssyRdT, tprfptf Pti 

%ft fpfp wi%T3; «ft fP3?p fp p 3fra#5R-i8 pi pitp pp pip f pip 

^icr^Cl PIPR -H^b I 

1934 P P PP tprfpp stsftp ^fppf PJ3t (1900-1958) 33l3 
PPPt PPt 331P3lP (1897-1956) P SFJPf ^ ypppPI 3°rfpf 

pf tftPPff *ffl f^n+><u| P3 P7[P P3pt 4ddHI PI 3TP37 t siPPed 4, 

sngsff p! tfepfapf upM w\ 333P w pi pt pitp P3pt tpIpi sfft 
43PHI PI 3TP37 tl 133 ^ f37P ^jfpPT P^jt P3 1935 3 

31331W113P ^ %TT pt^33 ^3PR tal 

3fra#5R 3Ttr pt Pt Ifepptff PPfpP tftft t P3^ 

P PP fpptf P P]FT IT ^TTcft t SUPdy, PPPT PPPP PP3 PJ33 W1 PT 
333 P pm f it 33 pipt ip wf%Tq;i PTtp pT pp tfepppf ppt% pt t 
ppfp-n pt M tr if itat t ipfpp pp ptpTp P3P pmp p#‘ 
ti 

Pitp fppt Iwpi pt fp PMTfppfpp p wi mi ppf 
Pit P M<b||uj_ M fsr^ToRT P3lt f ^ 1939 pp 33t3 fp33SJP 3°itp ptl 
ppp pp 3M 3feprppf pt#7 pptItt PFfa-14 pT qsff^r pT fpp pp 
IH P TPPl =h led - 3P3l ■Hied ed J lcl all 

ptfpp Mt^ff P PPP HdeppuJ 33J P3#3 ^ tft t sffc 33P 
Plfp-14 PT PPPtP P3 PPPfpattPP P ttPP FTP PT 

7ltpPT 3PPP «T1I 

I33t %P ^iPdchT P3 -eft^ff pf, PPM 3TF PFfp- 14 3 P3P3 
P3tP-I3^337FPTfI P prqpt P 37HT *111 tt^Tf M fqF[ ^ -sneTT 3Tk 
Ml ^iPdob M^T-14 M4 MMJSlf M qddHdl M WP] 
■plfpM Ml ^ WrftiqfTPT tl tkH M t( tftl 

ttl "SMT W ^ fiTMl t ^ f^FT WTF3-3TT M 3FFT MR1 
aifd yP^chd W? tteTT tl M 1944 tf tf ftfe^l ^iPd+T 33T#1 'PR -qfe 
TTTf^T (M3 1910) 3313 pftpi PoRd'did f33P (M3 1914) t 
MMt T3P fpffer 3sflPtl Ptft Pltelldl fe 3373 43H|U(33f P fiTMl M 
fp33t 33I3ST1 PTHP t P 33t3slt IpTl Pl^ eft 33337-333^3 W3F3 f*FT 
Ff?F3f P P73 pftl 3T13 33M PP P 33337-33337 P PPP pi 

PlTjh 

?3T dchdlch P3 PP3 tP3- shield) ill 4)1 "qPI 1953 P PlfSp 33(3 
f33P P3 ?3T 3sffP ^ f33P 313TFT7PRP P3 PP33 3P3PH3 fP33TI 
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Paper Chromatography 





as solution is > > 
absorbed, different 311-1 ^ 

components are 3^pr=f 
separated into 

bands 3rcFI-3WT 

FI f 


^ ■qfe F paper suspended 
in 

°bi'M plant solution 



more solution at bottom 
3tfdR=k1 rqfa ^ if 


SR ^ OTI ferr R ^ ^ 

tM‘ ^#T-14 ^ ^FT^T-^3ff4HI^ W 3 eTFTT WT 
3fp ^ TRRFTf ^ f*T9R W-5b]P)dill4p| £R WF f^RT 
RTcTT I 3RFT ferr TRTFpff 3 %?T 14 41 ^ ^lPH<=b STRpft ^ 

RcTT 7RR ^1 3TR RTffo cfjr^T-14 ^TfcT eTR 3*3 RF fcfRT t ^PdR 
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3R ^ifHcb qft-qft sffc qiqqpf) 3 f5RT qqsfq-14 ^ ^ qq Riq 

fq; wtfj qq qqqn qqq) $\ 

qqd eft qq '5PTI T f 3R^TT q q) %cR qqq q^l qqq q^T q|[q 
^TferT WR qqqi f^l fTOW W-shlddiliqd qRl fe^TF RTTcTT I TT 
q^ yJHd STTcftl q?rq RRJ qRRT 4 qqsfa-14 WR 3 qq=) 3?k 
%nfqqi) qir qq qq) qqi rcrt fq> q?fq qn h?<h rrt i 

q<q siqdqP d^iPnch qfqqq 4r^n (qqq i9ii) qq m\ 
qq#q qqq q snf TOfe'fei qf) qfqqqr qq ^qqr ^ ^qqjq ^ 
%q qqrq q)i qq qqq wi cpcM qp3 q) Tq qqs) qqq st)t q 
fqf^RT # qpqsnq q7 #)| 

1948 d sm srsqqq ^ %q q^-qrffqqdq qqq) 

q)qf qq ^tt qf qiq) q qqd $\ qqq) qq qqqqi afrr qrqiqq 
qq^q-q^arrqqiqg; ^ qqqq^ q w qqii qqq) M 3 qqafqqfqq 
qf) qfeqi qtf ^ qiq ^#' qq? TOsRqft q 4^q M srqqfteqr q 
m qqr fqqq qqq) qq rtri ^sni qqiqqrt q) qqR qqq qq^q-14 
q) qqji qq^-q^3tfqqTiqg; qpf) d-' <^d^dT q?qq qqq sf) qqf)i 
qq qq) 3 qqq) qqq) qqqr 5 qfqqR; ^ fqrq qq^q -14 ^ qqqq) 3 
qq qqfti 

qqq) qq qqq qq qqqq qqrqf qq qqq-qqdaqrcP) qrq 
3RFT-3RFT %qi qqn qiqqq 90-yfd^id qq^q -14 qq? qqr^ q qiqr 
qqri ^q 4fqq^ qq sr^qq qqq qq qq) qftqqqRrrqqfrfqqr qfqR qTqr 
qqn 

>+WHdiqq)Rcb qfqiq q cfrq qq^q ^ sqj qft ti qqq dr 
qfrr qr qq#r-i4 t q^fqqq q? qt qqr qq qTqri ^ra qiWVdwqlRcb 
qfqq qqr r qt qqfr d-' sqqn 

d J i id k qqfqf ^ qrq qqqifqqfqqr ^ qlqq ft qfeqisrf qd 
fqqqq duqqd fqqft 3Tk qqqft dPiddi qq qt qqT qqm ^q qnqqq4 ^ 
%q; 1961 q 4fqqq qq qqiqqqnqq qP %q qfqqr fqqni 

qr ^idi«0 q^ qten q qqq qqd q^-qlqf ?jq 3ffq#qq qqm 
qd qqpq qd q)i snq qq qqqrfqqfqq ^ qq q^q qp? dncl 't qq^ 
qqqd ^fcqr qfeqi ^ qq q qq) 3fq qfq qmr qiqd ti 

q^-q)^ srqq qfeqr qqffqqqRq uq rt qqq t qq qtqqq 
qd qq qq) qq> qdi qqqr qqqf)q5 qq) qtq qiq ^"i sftt qq q^n qqq 


28 



4 ^ cfr ^ ^ 3tr -qnt ^tt 

WrPT ^FRR, 3fk 3RT -g^R W ^#3F ^T f^qW cr -qmi 
*r ^ cfpnf ^ft -q^fa Trrar 4 ■qraq ^i?iti 
%TT qiT'T Irf Wef ?Ff ST'qt ^?I qp3 SfftsRT '5V r [TI 



Melvin Calvin 
AR^ii 4 iR^h 
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5 ?H'>3TTrT 


RldpH^RR Rt RJR3RR 4^ 0? ^iPh+T Rt Pd pNd RR 3' 
Rp5 r 4 RRT RTTfR ^ RR W1 rt 4rJR r4 4 RTR| 4 r4 ?KI 

'+>ldpH^ftra 4ft if 44 RR RT 3TR?R yRRI RTR ■HRc) ft I 

3TTR ft ■HKo RTT f4fTRT Rt M6<H RR R4t r 4 cR r 4 Rtf 
4RR r 4 RTI ^PdM, RR RRR RRT 4 4R37R 4RTTtRR r4 44 1 

3TR#3R T^R R^cT 4 RfRR R?4 tl 4 RfcT 4 3RR SRjaqf 
R RTR ftTRRTT tl 3RR 1*4 RT 4tf 4RR r4 4?TT 4 RR if Rp^5 
3TfR#3R fRdft R RRT Rp3J5 f4RR SHJsff 4 fRRRT 4f-4f R]RT 4 
RT#I RTR 3t44tRR R RP3J5 4t Rf^R 4 RTTR t - 4 4tRtf444R 
RRI RPTRTIT RRTt R?4 ill RR R«4 RT Rtf RpoR r4 RT RR R 4 r 4 
RfRtf444R 4 4 t R 4 3RRRpRRI 

R*4 R rrr RRRpR R 4 W t - RRRT 3TIT ^Rl 44 R RRT 
t RT Rtf RtRR RRf il 44 R RFJRRR R RT^RpRR 3TIT 
RT^R-RT^sflRRTfR t RT^ Rtf RTRTfpRR r 4" tl RTTRR RR 1*4 RRt 4 

eft RR4 RJT>3R?ft 44 4 4 RlfRtRR 44 RT4-R43R5FRT5R 4 t 4 4l 
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Earth before life developed 
4 rt rtt Irrir f4 4 rirt 4t r?4 


^TO TOT RRR HmT Rft eldl RTOTfTO TOt TO§d Rff 1? 3TR -H J l<rl TO§d 
RfT tl R«TOt TOT dIMHH PTOrRid Rft t fRfdTT TORT RfR R RflRlRT t 
fTOTRl TOTR 3TcR TO f| RfTRTRR TO RTTTRT ft R2Rf TO TOFJRSTO R RTRt 
RTf RRt tl TORRT TORTTOT TOTTOTO RJR TO TOk R RtRR 3Tk RRTfRRT ^kft 
tt ft Tft ft) RtRR TO RTREJ R TOTO RTOfR 3Tk TOT fTffTTOT TO SRj 
ftt t'l Rt*tR 3' RTO HIsPdNH sfk #T frtfTTOT TO 3RJ fit t'l 

hiIrmh , TOi^-fkafrRRTfs;, rtr), RttR sfk RRffRTO RRt to 
#2 rtrej fit t) sfr fR wuajsrf Rff Rift frot ftft ft t 
PidR>< Rf rtrej tot rtor t'l rsr) to RjRRTcft fk r frorot 3rk 
^idiyfeiqT Rft frof rir qt ftti fRftror tor qf Rsrof to frof to rrr 
R fro^t tor qjt to rtotr qfr fkni rrr' qqrtrot front #cft t Rt 
frorot Rff t to itrr) ■h^ito ftrot t fro tort ?toto tot to?D 1 1 

1952 f rto srrotrot trofRro t^r# torr froR (tor 1930 ) 
t TOT tRTT TO TOJTT fdTO Rt R^Rt TO R(R TO RRTTTOTTO R Tft fftt 3Tk 

totr TORt to fro; frorrot Rff front (qqiRf) to rrtor froroi rto rw 
TO TOR TOTR RTTO fro TOft RRTFJsff R TOR RRTFJ RR TOT tl 

fqR TOR did I R Rt fqff RTOR TO RTOR fTOR TOR rot Rf RRTO 
TOR RTRFJ fTTTOM RRR RRtRT RfRRR TOfRd t fRRt RIRpR TO RTREJ 
TOTR fl TOTR TORdTRTRRR Rt fRTO fTOlt ^jfRdTO RfRRR TO RTREJ TOTR 
tl TOR RRR t fTO TOTt RTOR 3TOJ3qf R RffTOfTR fRT Rt TOT TORI 

TOR 4fRTO TOfR ft RfTOTOt t RTOffTO RTOtTOT R RRTOTOR ft^ t 
ft RRt TOtfTOR TOtrof R RRITOfRTO fftroNt' TOT fRTOfTOR TOTR t'l ^jfRdTO 
RfRRR, TORfRlTOT fTORTTOT 3f|q RtfRTO RRRRf TO RTOHIdld TOT TOTR TOTR 
tl TOffroftR fRT TO RRTTOjt RRTTOR t fTOTR RTR TORT sfk TOTOffRTOfRR 
RRTO fTRT tl 

RTO STRqtrot tRlfRTO fRRR TO1RTO TOTTOT (TOR 1912) t fRTsTTTOT 
fTO RTO 3RM tfRRR TOT Rtf fTOTOT TORT t RT RRR REIr RTRRJ 
TOTR tl k TOft-TOft RtTO t RRTO ftt t 3lk TOTOR R fRR^d TOtfRTOTRt' 
tfR fRTRR t'l 

TOR RRTO t fTO RSTOf TO RJR3TTRt RTOd t trff yield TOt 
RTOfRTOTR TOTt ft'l TOI^Ht fTOTOTT TOt RRTO R TOR TOtt RTRrnjsff R TOTt 
flRtl TORR R R TOtTOR TO R?TO ftt, R7T? R Rftl TOITOTO fTOTR RfTOTO 
TOtTOR TO R?TO ft', TO ^RR RR TsTTcft ft’l 
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^ chlftichiii w aff sftr fapifer ^ 

WTT ^f R5T RPcft *ffl ’3^' ^ ^JpFRP tffe^FT «ft #t Rf 3R^t 
mf R faRRR rpr #t ■qr rh^r rt® rttr 

Rff rr rr t^h 

fftR RP T^RT RRR 3TRTT RR RRftT RftfRFFR aflT -^T=td=b 

^PH^H 3TTTO ^JRft RFtl Rf ^ chl^lchiy,' Rftf R) ^RIRT %rR *ffl Rf 

fRRRR r rtr-rtr sfrr Rt rt| rr rr RRRift *ffi r rfr rr ^ 

RTR #3 Mrm R^ WR RRt f¥l oft yWlPRky <*>Sdldl ti r^ 
^EtfPTT W ^jftR #ft| ^<+dlpRI RR *ft RpRT fl yl + lpRlcRI W 
o)Jhh ift Wl Rpft RT^ ^<+dlpRI R?t rpRTT ift RRRt W T# #tl 
■ftraW 3ftft#rafRT 

Nostac Oscillatoria 


(a blue-green algae) (a blue-green algae) 



Rhodospirillum rubrum 

{l^lrPlRdH RPR 
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Prokaryotes y|.+R<MMR 
(microscopic views) 


RRR RR ddldk RRR TRT RTI T# RTf MTI^nl f#T# 

RTR# RRJR5TT #' RT# RTf R###FT 3T# 3fTRR#H ##f R fRRRR RR T# 

*ffi # 3R3 rt# ## ## rr# # f# r^# rr 3Tkrtrt#jt rtt 

d# <W R# RdR 3TR # dnH< #### R HcrlNd RTTR R#l 3TTRR#!R # 
srj rtr# rtirrtt 3 # Til r# mti^hI f#r#T # r# # snjpff Rff 
rrrt #r sngsff # rrr rt# rt# rtrrj# r rrttti #r snjjsjf rt# 

3TTR#RR # RTRFJ#' RR 3R#R RTRR f | 

rr rrt y i P+ Rh 4#trt rr ^3# # ## rrt-tttr rrtrr # ^f# 

#1 RT TTTRK U I ycbRI Rff do# RTf RcR RTT ■HR>d # 3TTT 3TT#R RTf RTR 
R # RITTT# # TJRT rr# #| RR# # #### # RRRR R# RR TTgfRR 
RR#R R# f#RT RR^ Pd## RRRR RRRT TRRRTTT f#RT R## RSTTT R 
# 3TRRT RfRR RRTRT 3TTR 3RRR f#R RR RRRT TTT#T-RT##T R>f R# 

4t R#-#T RTT# RRRR RR RRRTR RTT RTRRT #RT RTTT RRT 3TlR fRR 
#f#f#T RR%RR3ff # RTRRJ fRRTfTTR f#R ## R fRRRTR R#f#fRTTT ## 
PRRiPRd ## R#l # R#-R# RTT# R#f#'TTTTR RR# R#l sRPdR 3TTR # 
#R#ftRT ## RRfRTRRR fRR# I # fRRRTR R#tf#TTTR # fRR#-^R# 
tl # TTTR#-#R#ftRT RTfRRT# I #K ##ft#R RR RRR RR fl 

R#fRRRTR # RT# # RTRFJJRff RR #RT #fT R##RR # 

3RJJ#f RR RTRR RR# # f#R RRR# f#RTI #R RTRRlRR # SFj 
Rft-R# RRT R RRR3 #R R#| RT#R #RR # R|R R RR Rf#R 
3TTRR#H RR RR R# RTR 3TR R#-R# RRR fRR '^RRT RRT I 

RT RT® #f#ffR # TR^f ^ RRRTRR fRRTfRR RR RR R 
3TTRR#TR RR RR#R RR RTR RR RR#T 3#T Rlt#RR # RTR RTR RTRI 
R R#TTR R RTR R# RT# RTS#R##RT RR RRT RT#R RR 3TtT 
##ffR# RR # RRT 3RR RR #1 

#-f##RR R4 RRT R8# RT ##ff#R # ##R RR RRT RTR RR 

#1 

Rft-R# RTT# ##ff#R RR 3#T Rf#T RTTlRTRTTR RR# R#l R 
## RfffRRTTR RR# R# fRTTR ^Pki<=b RffTR 3TTT ##R, RRfRRRTTR 3TTT 
RTS#RT#fRT # RTR fRRTRTT 3R^#RT RR#TRR3ff ## f#2# R# ^1 RRR 
R #RR RTfRRTfpRRT # RTR fRRTRTT Rif## R# RTtfRRTTR R#l ## 
RRRT RRRT#TRR RTRRI# fl 

RRT-fRf#RR RT#f R RRRT#TRR # RS-Rf RT #RR RR 
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rrr rr ti 80 RRte r 4 qwf # ritr RftfRRqsff rir 

" t TT^ sfk RtR RRI 1^ RI[-<*>W|chl 4 l RtR <*>5c) fl'l 

33TR 'grrift ^fRRT ^T R|-R^IRlq Rtcff 3 Rft Rgt t - Rfef, 
RT^T R3 RR, TppR, IddfeWl, 3JeTTR RTf^l RT 3RR «ft T^-^I^T Rfq 
- Rf^ 3 tR RTRt fRRT t sffc RTR-RTR yURdli Rfl RT3TOR ttR 
^ "til Rill Rt t Rf 3TR#3F ^ RRRf ^ ^ftf^cT q#' Tf RRR I sfk 
fWM RRRt cblRlcblsff T? RTqf HI^IRlR^I R#f RfeT tl 

Interdependence of Plants and Animals 
iftSTf 3flT y I fu 1 4i ^ 3TaT-f^r^TrTT 



RR ®|chilRi|| qft s$W<M Rt RT fRRT R#‘ Tf RRR 

sfR off RtR Rf ^R sl+iliiiii RT f^rRT RR f ^SRT RT RTRlt TTRTR RtRR 

wtftftti rt rrrt ti RRRffRR^rr ^ fRRT R«Rt ^ritt efteRR 

RrM-TsfTRt' TTTR Rf# Reft RTRRt RR Riff RtRR Rf RTRRR rr Rf 
RtfRR #1 
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^■HIRhU, chlRl^l cf^- t % xpr 

wf 3TR f^I T# f^ra fe ^ff ^Tl} cji^el ^T 3ffq#3F 

< sqrqT# t#'i qqfcRuifcK q^nq ^tt ^ft w?t t ^fffe 
41 ch<i 41 qj4 =Ft qq -qasft ^ ■qf^r ■qT# ti d J iidk 

¥^T ^ T^TT aflq ^q m^TT3Tf ^ fqqjq ^ #re; ^tR 
q#^ ■qa^ft ■qq ■qqfafqf^mr ^ rt® spq 

3}KqFT ^R qj^rh 


3T?T 
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